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 Iraq is one of the Middle East countries that suffer from water scarcity. In 

addition to the water policy of the upstream riparian countries; rapid 

population increase, economic growth, and climate changes are the major 

stressors of water resources available for domestic and agricultural 

sectors in this country. Therefore, it is of importance to determine the 

optimal water management methodology. This study aims to identify the 

optimal water allocation among the domestic, agricultural, and industrial 

sectors of Baghdad city under present and potential future scenarios. As 

such, the WEAP model was used to assess and analyze the current and 

projected balance of water resource management. The model was firstly 

calibrated and validated using the monthly streamflow data at Sarai 

station on the Tigris River. Subsequently, the calibrated model was fed 

with different future scenarios over the period 2020-2040. The employed 

future scenarios included normal growth population rate (I), high growth 

population rate (II), halved river discharges (III), combined scenario of 

the high population with halved water flow (ΙV) and the simulated future 

water year type scenario (V). Results proved that the WEAP model 

satisfactorily modeled the water supply/demand in Baghdad with R2 and 

Pbias of 0.73 and 2.43%, respectively during the validation period. Also, it 

was found that the water demand and supply were unmet under all 

proposed future scenarios which implies that there is a swift need for 

sustainable water management in Iraq and in Baghdad. 
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1. INTRODUCTION 

In arid areas, water resource scarcity has become one of the determinants which restrict social 

and economic sustainable development [1]. Improving water use efficiency through optimizing water 

resources allocation currently has been considered as the essential method for solving water scarcity 

in a river basin. Meanwhile, the main aim of water resources allocation is to find a balance for 

allocation methods among different water use sectors, such as domestic, agricultural, and industrial 

uses to ensure the sustainable development of society and economy. However, the problem of 

insufficient or excessive water allocation within each sector may occur in the traditional water 

allocation pattern, which distributes water resources based on the current situation and trend of water 

use [1].Recently, Iraq has faced concerning water management challenges due to the rapid 

urbanization, industrialization, or population growth which led to the increasing of natural resources 

demand. For example, in Baghdad, the rapid urbanization and population growth affected the water 

consumption for each person which reaches up to 250 L/capita/day and 300 L/capita/day in Baghdad 

sub-district and districts, respectively. The number of populations increased from 3985,382 in 2000 

to about 8048900 capita in 2020 [2]. That is to say, that the water demand is increasingly stressed 

despite the diminished water resources. Iraq mainly depends on Tigris and Euphrates water rather 

than on its rainfall (MOWR, 2020), hence, utilizing these resources by the wrong method leads to 

great damage in the future. The rainfall occurs from October to May [3] with a maximum of about 

170.7 mm. While, the maximum evaporation mainly occurs in the summer season (from May to 

September), which is about 599 mm [3]. The lack of rainfall and the prolonged hot seasons are 

additional problematic issues towards efficient management. It is obvious that the water resources in 

the Tigris river basin in Baghdad have been exposed to severe pressure due to the climate conditions 

and the increased demand for the water resources. The climate conditions are of significant 

fluctuation over the Tigris River basin that led to changes in the amounts of runoff and irrigated 

agriculture area. The lack of rainfall typically leads to irrigate the crops directly from the Tigris 

River, which means crowding out the population’s consumption of water and taking a share of the 

river’s water for irrigation purposes. Therefore, water allocation measures in the Iraqi river basins 

that consider equity, efficiency, and sustainability in every water sector should be treated as the main 

goal for the stockholders and decision-makers. The water evaluation and planning system (WEAP) is 

a widely used decision support system in integrated water resources management. The WEAP model 

has attained a global reputation to evaluate many waters related projects and was applied across 

different regions. For example, Adgolign et al. [4] used the WEAP model in Didessa sub-basin in 

west Ethiopia to assess the impacts of water resources development on water availability in the 

upstream and downstream and identify the sub-basin locations that facing decreasing in the water 

surface. Their results showed that there will be a decrease of about 10.3% in the annual streamflow 

for Didessa River and will be unmet demand in the last year of the evaluated period for all scenarios. 

Kerim et al. [5] studied the availability of current and future water under the influence of climate 

changes scenarios until 2031 in the Upper Awash sub-basin in Ethiopia. Results showed that there 

would be an increasing water demand but, however, the quantities of water are sufficient to meet the 

demand in the future. They suggested giving priority to the irrigation sector as it represents the 

forefront followed by livestock and finally the industrial projects. Mourad & Alshihabi,.[6] used the 

WEAP model to assess the current and potential water demand and supply in Syria until 2050. They 

investigated the impacts of six scenarios considering the actual statues, climate change, best available 

technology, advanced technology, regional collaboration, and regional contention. Results showed 

there will be unmet demand and to balance this demand, new water resources are needed to be 

invested. They showed that there will be effects on the water resources from the climate changes in 

addition to the regional conflict. However, they suggested that by using the best available 

technology, the gap between supply and demand can be reduced. Amin et al [7] studied the current 

and future water demands in the Upper Indus Basin in Pakistan under IPCC climate changes 

scenarios and made some scenarios (population growth, urbanization, and living standards) using the 

WEAP model. The results showed that the water demand will increase in 2050 and there will be 

unmet demand according to the user scenarios. Jaber, A.Z., [8]. Used WEAP model to manage the 

supply in Shatt Al-Hilla basin which is in the south of Iraq central parts. The paper showed that the 

water demand can be satisfied until 2025 when a decrease in the consumption for each capita to 225-
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250 L/capita/day is applied that meaning without this scenario the basin will face a shortage in water 

demand.Kahlerras et al., [9] studied Mazafran basin (north of Algeria) using the WEAP model to 

assess and analyze the current and projected balance of water resource management which is taking 

into account the different policies and operational factors that can affect the demand up to the year 

2050. The results of the simulation showed that a deficit of 18.936 Million m3 will be registered in 

the year 2042. And found the demand will be the same as the supply in the years 2043, 2044. Also, 

the deficit from 2045 to 2050 will be 3.44 Million m3 to 85.48 Million m3. On the other hand, in the 

case of the other scenario, they found that the deficit will start from the year 2025 and will continue 

until the year 2050 with 130.95 Million m3. Sithiengtham [10] applied the WEAP model in the Nam 

Ngum downstream area, Laos to evaluate the water resources availability until 2050. It was 

concluded that there will be more quantity of water resources greater than the demand from the Nam 

Ngum river streamflow and rainfall and groundwater. Kishiwa et al., [11] studied the dynamics of the 

available current and future streamflow for different users in the upper Pangani River Basin under 

climate changes. They combined the Soil and Water Assessment Tool (SWAT) and Water Evaluation 

and Planning (WEAP) models to simulate streamflow under climate change scenarios to assess the 

future availability of water under different socio-economic activities up to 2060s. They reported that 

the water unmet demand would be increasing by 2060s to 51.5% where this shortage would be more 

severe in irrigation among the others. Mena et al. [12] studied the potential impacts of climate 

changes on unsatisfied demand for water in the Guila river basin in Colombia over the period 2011-

2100 using the Hydro-BID modeling tool along with the WEAP. They found that the studied climate 

change affecting the hydrological services in Andean basins, so the reduction in the water supply can 

lead to unmeet water for different users. They reported that there a possible decrease in streamflow 

compared to the current stateand an increase in precipitation and temperature. Agarwal et al., [13] 

evaluated the agricultural water demand in Ur river watershed in India for 2015-2030. Their research 

was about the drought season and its relation to the demand and supply analysis by using the WEAP 

MABIA method. They found that there will be unmet demand in the agriculture sector and 

recommended to narrow down the gap between existing demands and water supply by employing 

water-efficient crops in addition to efficient agricultural practices and rainwater harvesting, lastly, 

Al-Chalabi et al 2019.,[14] studied the effect of climate changes on stream flow and sediment yield 

in Darbandikhan Watershed, which is a major challenge faced by five Global Circulation Models 

(GCM) and the Soil and Water Assessment Method (SWAT) used to measure the temporal and 

spatial distribution of streamflow and sediment distribution in Diyala River, Iraq. By using five 

Global Circulation Models (GCM) and the Soil &Water Assessment Tool (SWAT) which was used 

to measure the temporal and spatial distribution of the study area's streamflow and sediment yield for 

the period 1984 to 2050 and SWAT results, the results showed that the average future forecast for the 

five climate models that the average annual flow and sediment yield in the water yield will be 

decrease about 49% and 44%, respectively, until the year 2050 compared with these in the previous 

period 1984-2013.The goal of this study is to assess the water supply/demand in Baghdad over the 

future period (2020-2040) and manage the water resources allocation under climate changes which is 

the carrier of social and economic development and human activities. Each type of climate, such as 

(cold or hot, wet, or dry) climate, directly influences the scale of each industry and the population 

supporting capacity. To that ends, the WEAP model was calibrated and validated using the monthly 

streamflow at Sarai station in Baghdad. Thence, the calibrated model was employed to assess five 

different future scenarios;normal population growth, high population growth, halved Tigris River 

inflows, combined scenario of the high population growth rate with the halved Tigris river inflow, 

and water year type scenario. 

2. METHODS AND MATERIALS  

I. Study area description 

The study area covers the basin of Tigris River in Baghdad (Karkh & Rusafa) on both sides of the 

river. The area of Baghdad Governorate is about 4555 Km2 [10] and it constitutes approximately 1% 

of Iraq’s area (438060 Km2). The coordinates of Baghdad are 44.43º E eastern of the Grinch line and 

33.34º N in the northof the equatorial [15]. Most areas of Baghdad depend on the Tigris River, except 

some areas that depend on the Euphrates River (i.e., Youssoufia, Mahmudiyah, Radwaniyah and 
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Latifiyah). Therefore, they were not included in this study. The study area is discretized into nine 

districts extend from north to south of Baghdad which are Al-Khadhimiya, Adamiyah, Karkh, Abu 

Ghraib, Tarmiyah, Madain, Rusafa, Al-Sadr city. Also, the study area includes one wastewater 

treatment plant (WWTP), three industrial units and two agriculture areas as shown in Figure1. Table I 

list the population of the study area districts and sub-districts obtained from the Central Statistical 

Organization/Iraq for the period of 2000-2020. The population is estimated as 8048900 capita in 

2020 and it is expected to be 13396471 capita in 2040 by using a growth rate of 2.58%, which 

represents the normal growth rate in Iraq. 

 

 

Figure 1: Consumption water Nodes from Tigris river in Baghdad 

TABLE I: Population of Baghdad districts & sub-districts in 2020 

 

 

 

 

 

 

 

 

The length of the Tigris River between Al-Muthana Bridge (north Baghdad) to Diyala river 

(south of Baghdad) is about 55 Km. This area is mainly dependable on the surface water without 

groundwater. Thus, it represents a bounded area for water supply and demand from only Tigris River 

and can be well simulated with the least interactions from other water resources. It is noteworthy to 

mention that there is rapid development in this study area, especially in the urbanization sector. The 

urbanization (population growth rate) is increasing by 2.58%every year [2], the average water 

consumption per capita per day varies from 250 liters per person per day to 300 liter per person per 

day (MOB, 2020). According to the ministry of agriculture data, almost all the agricultural area is 

located on the Rusafa side (62 %) and the other area (38%) is on the Karkh side. The developments 

in the industrial sectors are also imposed additional stress on water demand in the study area. Water 

demand substantially increased in this sector recently owing to the increase in oil production capacity 

in Baghdad oil refinery. 

 

District and sub-district 

 

Population 

Rusafa 1905628 

Karkh 1678368 

Sadr city 1276249 

Adamiyah 1266395 

Kadhimiya 945085 

Tarmiyah 152841 

Madain 484098 

Abu – Ghraib 340236 
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II. Input data  

In this study, various data were used as inputs to the WEAP model to model the water supply/ 

demand in Baghdad city. These data are categorized into the followings: 

A. Weather data (Rainfall, temperature, wind speed, evaporation) 

Observed weather data, such as precipitation, temperature, humidity, wind, and evaporation were 

obtained from the Iraqi Meteorological Organization and Seismology / Ministry of Transport 

throughout 2000-2018 and all this data was either monthly or annually. Table II lists the statistical 

characteristics of the weather data in Baghdad. 

TABLE II: Statistical characteristics of the average annual weather data in Baghdad from 2000 to 

2018 

 

 

 

 

 

 

 

 

 

 

 

Baghdad receives most of its annual precipitation from October to May. The distribution of 

rainfall around Baghdad is not uniform either but there is one station working in Baghdad which is in 

Baghdad Airport. The 18 years of monthly data available from 2000 to 2018 for Baghdad station 

show that 50 % of rainfall occurs during the winter season, with 25% in the spring season and 25% in 

the autumn season [3]. This means that the dry seasons in the summer days may require a substitute 

source to be met the demand. That is to say that Baghdad relies heavily on river water more than 

rainfall to meet its water demand. 

B. Agriculture Area 

Data on agricultural areas of Baghdad were obtained from the Ministry of Agriculture as listed in 

Table III. As it can be noticed from the table, there are thirteen areas of agricultural lands within the 

boundary of Baghdad. These areas are typically cultivated with wheat, barley, yellow and white corn, 

tomato, eggplant, leafy pomegranate, okra, beans, trees, onions, green beans, alfalfa, cotton, 

watermelon, pepper, sunflower, mash, sesame, lahan, chunther, sulcum, garlic, potato, lettuce, 

corolla, leek, raspberry, radish, and caffeine. The different types of previous crops consume a 

different quantity of water. Therefore, this paper divided the agriculture area into two nodes; one of 

these nodes consumes an average water quantity by about (22000m3 /ha.year) and the other node 

(53040 m3 /ha.year).  

TABLE III: Cultivated areas in Baghdad 

 

 

 

 

 

 

Weather data  Maximum  Minimum  Mean 

Precipitation (mm) 172.7 0.001 10.7 

Temperature (C°) 47.7 1.3 23.9 

Evaporation (mm) 599 48.1 262.63 

Humidity % 82 16 41.41 

Wind speed (m/sec) 5.40 1.60 3.17 

Agriculture region 

 

Area (ha) Agriculture region 

 

Area (ha) 

Centre of Karkh 

 

8692 Tarmiyah 13844.00 

 

Mishahda 14097.50 

 

Aabychy 7940.00 

 

Abu-Ghraib 15431.00 Kadhimiya 12069.50 

Al-Rasheed 18221.50 Madain 500 

Al-Taji 13686.50 Al-jsr 750 

Alnsr & Alsalam 34493.25 
 

Nahrwan 90973.25 
 

Rusafa 16250 
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C. Tigris river flow 

The monthly Tigris River discharges at Sarai station, for the period from 2000 -2018 were 

obtained from the Ministry of Water Resources. The maximum, minimum, and mean flows for that 

period were recorded as 711, 392, and 508 cumecs, respectively. These monthly data were used to 

calibrate and validate the WEAP model, Figure 2. Shows the location of the Saria station in Baghdad. 

 

 

Figure 2: Saria Baghdad location in Baghdad 

D. Wastewater treatment plant (WWTP) discharge 

Data on the wastewater treatment plant (WWTP) of Baghdad was obtained from the Mayoralty of 

Baghdad for the year 2019. Al-Doura Project and Al-Rustumia Project are the main WWTPs in 

Baghdad that discharge their disposals into the river. The amounts of daily wasted water received to 

the plant from each one of these projects are approximately 550×103 m3/day. 

E. Types of future water years (2021-2040) 

The future water years types represent the drought/wet severity. These data were classified 

according to the types of water year in WEAP (dry, very dry, normal, wet, and very wet). These 

categories are obtained by dividing the streamflow of the Sarai station of 2021-2040 by the mean 

value. The source of these collected data (future discharges) was from the MOWR/ strategic study 

department. The future data were modeled using several models (Stochastic model, HEC-HMS 

model, and POWER SIM model) considering the present and future climatic characteristics of the 

riparian countries (Iran and Turkey). However, the future modeled Tigris river discharges were 

varied as wet in some years to very dry in other years as shown in Figure 3. The future discharges of 

Tigris River reaching Baghdad were interpreted as follows: 

Dry year (0.8), very dry year (0.7), normal year (1), wet year (1.3), and very wet year (1.45). 

Subsequently, these types were fed into the calibrated WEAP model to be considered as a baseline 

scenario for the future period (2021-2040).  

 

Figure 3: Future water year method 
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F. Industrial units’ discharges  

The industrial units available in Baghdad are represented by two major parts: electrical station 

and oil refinery. There are two electrical power stations in Baghdad the first station called Al-Doura 

thermal electrical power station which contains two cycles, opened and closed cycles. The open cycle 

consumed 40×103 to 50×103 m3/hr. and worked 24 hours (the total water consumption 96 X 10 4 

m3/day to 12 X 10 5 m3/day). While the closed cycle consumed approximately 3.5×103 m3/day of 

which a quantity of 1×103 m3/ day used to clean the filters in the stations then it is thrown into the 

river. The second station is called the southern Baghdad thermal electrical station which consumes 

halved the water demand in Al-Doura station and released approximately 1×103 m3/day to the river. 

The second industrial unit in Baghdad is Oil refinery which is in the south of Baghdad, this refinery 

is consuming water by about 10.3685×106 m3/year from the Tigris River and releases wastewater 

treatment into the river with about 6.23858×106 m3/ year. 

3. WEAP MODEL 

WEAP is a microcomputer tool for integrated water resources planning. It provides a 

comprehensive, flexible, and user-friendly framework for policy analysis. It aims to incorporate the 

values of the input data into a practical tool for water resources planning. WEAP is distinguished by 

its integrated approach to simulating water systems and by its policy orientation. WEAP places the 

demand side of the equation - water use patterns, equipment efficiencies, re-use, and allocation - on 

an equal footing with the supply side - streamflow, groundwater, reservoirs, and water transfers. 

WEAP is a laboratory for examining alternative water development and management strategies. 

WEAP is comprehensive, straightforward, and easy-to-use, and attempts to assist rather than a 

substitute for the skilled planner. As a database, WEAP provides a system for maintaining water 

demand and supply information. As a forecasting tool, WEAP simulates water demand, supply, 

flows, and storage, treatment, and discharge. As a policy analysis tool, WEAP evaluates a full range 

of water development and management options and takes account of multiple and competing uses of 

water systems [16].Operating on the basic principle of a water balance, WEAP applies to municipal 

and agricultural systems, single catchments, or complex transboundary river systems. Moreover, 

WEAP can address a wide range of issues, e.g., sectoral demand analyses, water conservation, water 

rights and allocation priorities, groundwater and streamflow simulations, reservoir operations, 

hydropower generation, pollution tracking, ecosystem requirements, vulnerability assessments, and 

project benefit-cost analyses. The Stockholm Environment Institute [16] provided primary support 

for the development of WEAP. The Hydrologic Engineering Center of the US Army Corps of 

Engineers funded significant enhancements. Some agencies, including the World Bank, USAID and 

the Global Infrastructure Fund of Japan have provided project support. WEAP has been applied in 

water assessments in more than one hundred countries. The WEAP model uses some equations to 

calculate the water demand in the study area, below equation (1) which was used to calculate the 

water demand: 

 𝑾𝒂𝒕𝒆𝒓𝒅𝒆𝒎𝒂𝒏𝒅 = 𝑨. 𝑾 × 𝑨. 𝑳 (1) 

A.W = annual level of activity driving demand (such as agriculture area, population using water 

for domestic purposes or industrial units)  

A.L = annual water use rate per unit activity 

4. FUTURE SCENARIO DEVELOPMENT  

The year 2020 data on total water demand for various sectors agricultural, industrial, and 

domestic demand were selected as a reference year since that year data were completed and 

represents the starting point for the future scenario. Water supply/demand capacity was assessed to 

satisfying water demand in the Baghdad basin through five scenarios during 2021-2040 and as 

follows: 

1) Reference scenario (Ι): which represents the real status of the water resources with 2.58% 

population growth keeping all other driving factors constant (climatological, water uses etc.). 
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2) High-rate population growth scenario (ΙΙ): which represents the scenario when the population 

growth rate increases from 2.58 % to 5% until 2040.   

3) Halved flow scenario (ΙΙΙ): this scenario is considering a 50% reduction of the Tigris river 

discharges from 2000-2018 to represent the future discharges. 

4) Halved flow with high-rate population growth scenario (ΙV): which is a combination of the 

two above scenarios (ΙΙ and III). 

5) Water year method (dry scenario) (V): This scenario is represented by taking future data as 

dry water years to represent the worst behavior in future water years (dry years). In other 

words, there would be a small amount of water in the Tigris that might depict the worst 

effects of climate change (high temperature, less rainfall, and limited amounts of flow from 

the river. 

 

5. MODEL ASSESSMENT 

In this study, two statistical criteria were employed to assess the WEAP model performance. The 

first one was the determination coefficient Equation (2) and the second was the percentage bias 

Equation (3).  

 𝑹𝟐 =
∑ (𝒀𝒊−𝝁)(𝑶𝒊−𝜹)𝑵

𝒊=𝟏

√∑ (𝒀𝒊−𝝁)^𝟐𝑵
𝒊=𝟏 ∑ (𝑶𝒊−𝜹)^𝟐𝑵

𝒊=𝟏

𝟐
 (2) 

 

 𝐏𝐁𝐈𝐀𝐒 = 100 × 
∑ (𝑌𝑖−𝑂𝑖)𝑁

𝑖=1

∑ 𝑂𝑖𝑁
𝑖=1

 (3) 

Where Yi= simulated streamflow, Oi= observed streamflow, 𝜇 = The mean of the simulated 

streamflow  

𝛿 = The mean of the observed streamflow 

6. RESULTS AND DISCUSSION 

I. WEAP model calibration and validation 

In this study, the domestic, agricultural, and industrial water uses were simulated based on the 

available data for the period of 2000-2018. The WEAP model was calibrated for the period 2008-2013 

and validated for the period 2014-2016 against monthly streamflow from Tigris River at Sarai station 

in Baghdad. Thereafter, future scenarios considering socioeconomic and climatic variations were 

postulated and fed into the model. 

The water loss was the only sensitive parameters to improve the model efficiency in the 

calibration process. Surface runoff was optimized until the difference between measured and 

simulated surface runoff was within 15 percent and a value of R2> 0.6 (Santhi et al. [17] and Moriasi 

et al, [18]). The same parameters were applied to base flow, and the surface runoff was regularly 

rechecked as the variables of base flow calibration often affect surface runoff. Figure 4. a and b show 

the monthly streamflow at Sarai station during the calibration and validation periods, respectively. It is 

noticeable that the observed and simulated streamflow were consistent and in good agreement along 

the two periods though some discrepancies between the peak flow from the observed and modeled 

data were noticed during the calibration period. However, the results of R2 and Pbias values during 

calibration were 0.70 and 2.52% and for validation were 0.73 and 2.43%, respectively. Suggesting that 

the model was capable to capture the real water uses status and thence could be used in further 

analysis i.e., scenarios managements. 
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Figure 4: Monthly streamflow during the a) calibration (2008 to 2013) and b) validation (2014 to 

2016) 

7. FUTURE POSSIBLE SCENARIOS 

I. Reference scenario (I) 

The calibrated WEAP model was run with the reference scenario to investigate the future 

behavior of the water system in Baghdad. According to this scenario, the amounts of water in Tigris 

River along the future period (2021-2040) were taken as modeled by the strategies studying 

department in (MOWR). While the capacity of the water treatment plant was the same as in base 

years. So that this scenario takes into consideration only the population growth rate which is 2.58 %. 

The demand for water was reflecting in population growth, so the demand for water will continue in 

growth with population growth at the same rate (2.58%). Accordingly, the population is expected to 

increase from 8048900 capita in 2020 to 13396471 capita by 2040. Figure 5a. shows the future water 

demand including all sectors in this study (domestic, agriculture and industrial) which are all 

represented as a bar plot for every year. According to the scenario, it shows that the current water 

demand is 10.40 Billion m3and the future water demand in 2040 will be 10.68 Billion m3. In other 

words, the increase in demand will be about 2.69 % from 2020 to 2040. Subsequently, the result 

shows that the greatest demand will be for the agriculture sector which will be about 82% then the 

domestic sector which will be 12% and lastly the industry sector which will be about 6% as shown in 

figure 6.based on this result, it was concluded that the unmet demand will be fluctuating in the future 

as shown in Figure 5b. As the lowest unmet demand is expected to occur in 2024, 2026 and from 

2028 to 2033 and 2035. While the greatest unmet demand is expected from 2036 to 2040 (~ 1.4 to 

4.0 Billion m3). 
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Figure 5: Bar plots of the reference scenario along the period 2021-2040 a) demand and b) unmet 

demand 

 

Figure 6: Percentage of water demand for all sectors 

II. High population growth rate scenario (II) 

In this scenario, the rate of population growth was assumed to be 5% for the period (2021-2040) 

and Tigris river streamflow was taken as in the reference scenario. Figure 7a. shows the bar plot of 

the demand of this scenario along with that from the reference scenario. In this scenario, the demand 

for water arises to a maximum of 11.05 Billion m3 in 2040. The simulation results indicate that the 

high rate of population growth will expose the Baghdad basin to facing a water shortage in 2040. 

This implies that the population growth has a major long-term impact on water demand and to 

address this shortage, new technologies and successful water management strategies must be used. 

Also, the water demand will be increased by about 6.25 % from 2040 to the year 2020 in the 

reference scenario (which is 10.40 Billion m3). Also, the results show that the greatest demand will 

be for the agriculture sector about 67% then the domestic sector 28%, and lastly the industrial sector 

5% as shown in figure 8. While Figure 7b. Shows the unmet water demand from 2021 to 2040 of this 

scenarios to the reference scenario. It was found that the streamflow will not be able to satisfy the 

water demand in 12 years and satisfying the demand in the remaining 8 years. The greatest unmet 

demand will be 4.3 Billion m3 in 2040. 
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Figure 7: Bar plots of the high population scenario along with the reference scenario a) demand and 

b) unmet demand 

 

 

Figure 8: Percentage of water demand for all sectors 

III. Halved water inflow scenario (III) 

The halved inflow scenario was modeled to investigate what might happen if the inflow from the 

upstream Tigris River in the north of Baghdad decreases by 50% of those in the reference period. 

This means that the amount of water released from downstream Samaraa barrage with Tigris arm and 

AL- Adhim river inflow reduced by a half. Figure 9a. shows the bar plot of the halved inflow 

scenario demand along with the reference scenario. It is worth noting that even when the inflow to 

the area is halved, water demand in the 2040s is 10.7 Billion m3 which implies that water streamflow 

is unable to satisfy water needs for all users. The results show that the agriculture sector will be the 

biggest demand sector 81% the second bigger sector will be the domestic 13% then the industrial 

sector 6% as shown in figure 10 while the figure 9b. shows the unmet demand for the future. It can 
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be raised from the figure that the unmet water demand will be about 4 Billion m3 in 2021 to 8 Billion 

m3 in 2040, in other words, the unmet demand will be higher than that of the reference scenario 

 

Figure 9: Bar plots of the halved inflow scenario along with the reference scenario a) demand and b) 

unmet demand 

 

Figure 10: percentage of water demand for all sectors 

IV. Halved water inflow with a high population growth rate scenario (IV) 

According to this scenario, the streamflow of the Tigris river was considered as in scenario IV 

andthe population growth rate was taken as in scenario III. Figure 11a. shows the bar plot of this 

scenario demand along with the reference scenario. The water demand will be ranged from 10.44 

Billion m3 in 2021 to 11.06 Billion m3 in 2040. While the unmet water demand will be high (Figure 

11b.) and ranged from 1.6 Billion m3 in 2021 to 14.3 Billion m3 in 2040 because of increasing the 

population growth rate. The streamflow discharges in this scenario are identical to the halved flow 

scenario therefore the deficit in meeting the water demand is expected to be high. In other words, this 

scenario will be as the population growth rate scenario in demand water and the demand percentage 

for each sector while it will be similar to the halved flow scenario in the quantity of the streamflow in 

the Tigris River to Baghdad. 
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Figure 11: Bar plots of Halve water inflow with a high population growth rate scenario along with 

the reference scenario a) demand and b) unmet demand 

V. Water year method scenario (Dry scenario) (V) 

This scenario aimed to investigate how the natural variation in streamflow data can be considered 

in WEAP through scenario analyses by using the “Water Year Method”. The Water Year Method is a 

simple means to represent variation in hydrological data such as streamflow. The method first 

involves defining how different climate regimes for the river flow (e.g., very dry, dry, very wet) in 

comparison to a normal year, which is given a value of 1. Therefore, dry, and very dry years were 

identified based on a value of less than 1 which is about 0.8 and 0.7, respectively. On the other side, 

wet and very wet years were identified based on a value larger than 1 which is about 1.3 and 1.45, 

respectively. This scenario assumes that the future years will be dry (streamflow quantity is less than 

normal). In other words, this scenario will take the river discharges less than their value in the 

reference scenario. Figure 12. depicts the demand of this scenario along with that of the reference 

one. According to this scenario, it was shown that the unmet demand from 2020 to 2040 will be 

about 0.28 Billion m3 in every year and the total unmet demand from 2021 to 2040 will be 5.55 

Billion m3. While the water demand will be 10.6 Billion m3, and 10.68 Billion m3 in 2035, and 2040, 

respectively. From the previous scenarios appears that the worst unmet demand was stimulated by 

scenario IV “halved water inflow with high population growth rate” in 2036 to 2040 which is about 

13.8 Billion m3 to 14.3 Billion m3 respectively. On the other side, the greatest unmet demand related 

to the other scenarios is expected to be from scenario III (halved water inflow scenario) for the years 

2021 to 2035 which is about 3.9 Billion m3 to 7.8 Billion m3, respectively.  
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Figure 12: Bar plot of dry scenario demand along with the reference scenario 

Lastly, Figure 13 below shows the unmet demand in the Dry scenario and comparison it with the 

unmet demand in all the previous scenarios which explains that the maximum unmet demand will be 

in scenario (IV) followed by scenario (III). While the unmet demand in the last scenario (V) (Dry 

scenario) will be continuous from 2021 to 2040 by about 0.28 Billion m3/year which drawing in a 

straight dark blue line. 

 

Figure 13: The Unmet demand in all scenarios 

8. CONCLUSIONS  
In this study, the WEAP model was used to model the water demand/supply in Baghdad city. The 

model was fed with data from 2000 to 2018 but was calibrated and validated against monthly 

streamflow data at Baghdad station (Sarai) from 2008 to 2016. The model performance was assessed 

with two different statistical metrics i.e., determination coefficient and percent bias. It was concluded 

that the water losses are the most sensitive parameter on the modeling results. The model performed 

well in simulating the water uses across the three different sectors (Domestic, Industrial, and 

Agricultural). The future scenarios show that the water demand and supply is unmet under five 

scenarios, reference scenario (normal population growth), high population growth rate scenario (5%), 

halved flow scenario (reduction in the streamflow of Tigris river to the half values, the combined 

(high population growth rate scenario with halved water flow scenario), and lastly dry water year 

method scenario. The unmet demand in the future will be varied but in different percentages and 

different years. For example, the unmet demand will be encountered over the entire future years 

according to the reference and high population growth rate scenarios, however, the greatest unmet 

demand quantity will be in the last five years from 2036 to 2040 and less unmet demand from 2021 

to 2027 except 2024, which will not suffer from unmet demand. Also, from 2028 to 2033 and 2035 

will be met with all water demands for all sectors. Also, the other three scenarios show that there would 

be unmet demand along the study period (2020-2040). The greatest unmet demand will be in the halved 

flow scenario and the combined scenario, while the other scenarios will have less unmet quantities.  
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